Two cDNA clones were isolated from a human liver library that encode two phosphatase 2A catalytic subunits. The two cDNAs differed in eight amino acids (97% identity) with three nonconservative substitutions. AUl of the amino acid substitutions were clustered in the amino-terminal domain ofthe protein. Amino acid sequence of one human liver clone (HL-14) was identical to the rabbit skeletal muscle phosphatase 2A cDNA (with 97% nucleotide identity). The second human liver clone (HL-1) is encoded by a separate gene, and RNA gel blot analysis indicates that both mRNAs are expressed similarly in several human clonal cell lines. Sequence comparison with phosphatase 1 and 2A indicates highly divergent amino acid sequences at the amino and carboxyl termini of the proteins and identifies six highly conserved regions between the two proteins that are predicted to be important for phosphatase enzymatic activity.
Protein phosphorylation is a major regulatory mechanism for the control of cellular metabolism, growth, and differentiation (1) (2) (3) . A number of protein kinases have been identified that specifically phosphorylate various protein substrates. Phosphoserine and phosphothreonine protein phosphatases have been broadly categorized as either type 1 or type 2 based on their sensitivity to inhibitors and substrate specificity (4) . The type 2 phosphatases have been further divided into three groups termed 2A, 2B, and 2C (5) . Little structural information has been available for the catalytic subunits of the protein phosphatases, but protein sequencing (6) and isolation of appropriate cDNAs (7) (8) (9) have indicated there are significant homologies between the type 1 and type 2 protein phosphatases, suggesting they have been highly conserved in primary sequence.
By using a partial cDNA probe to bovine phosphatase 2A ( Benton and Davis (10) with a random-primed 32P-labeled probe (11) , corresponding to nucleotides 342-639 of the bovine adrenal medulla protein phosphatase 2A coding region (7) . Hybrid- ization was performed at 420C in a solution containing 20 mM Tris HCI (pH 8.0), 0.9 M NaCi, 6 mM EDTA, 5 x Denhardt's solution (0.1% Ficoll/0.1% polyvinylpyrrolidone/0.1% bovine serum albumin), 10% (wt/vol) dextran sulfate, 0.1% NaDodSO4, and the radiolabeled probe (6 x i0' cpm/ml).
The nitrocellulose filters were washed twice in 2 x SSC at room temperature for 10 min and once at 530C for 30 min.
(1 x SSC = 0.15 M NaCl/0.015 M sodium citrate, pH 7.0.)
Recombinant phage giving positive signals were plaquepurified. DNA prepared from positive recombinant phage was isolated and the inserts were subcloned into pUC18 and M13mpl8 vectors. At this point, restriction analysis of the clones was carried out by incubation with the appropriate restriction endonucleases followed by electrophoretic analysis in agarose gels (12) .
The nucleotide sequence of the clones was established after subcloning the appropriate restriction fragments into M13mpl8 or M13mpl9 phage (13) . All sequencing reactions were performed by the dideoxy chain-termination method (14) with modified T7 DNA polymerase (15) , and both strands were sequenced in all cases. The sequencing of the HL-1 and HL-14 clones was also performed with the Cyclone system (International Biotechnologies, New Haven, CT) to progressively delete the 3' ends of the cDNA. Sequences overlapping the HinPI site of HL-1 and Pst I site of HL-14 were verified by this procedure. Thus, the sequence of each strand was determined at least twice, and on average each nucleotide was determined four times. In some cases, inosine derivatives were used to avoid compression of sequencing bands.
RNA Gel Blot Analysis. Total RNA from various cell lines was isolated following the method described by Davis et al. (16) . RNA samples were subjected to electrophoresis in 0.8% agarose/formaldehyde gels and RNA was transferred to nylon membranes (Zeta-Bind; Cuno, Meriden, CT) as described by Southern (17) with 20 x SSC. After baking, membranes were prehybridized overnight in a solution containing 50%o (vol/vol) formamide, 5 x SSC, 5 x Denhardt's solution, 0.5% NaDodSO4, and boiled salmon sperm DNA at 200 ,ug/ml. Hybridization was performed in the same solution containing 10% (wt/vol) dextran sulfate and the random-primed (11) 32P-labeled probe (3 x The amino acid sequence encoded by clone HL-1, assuming the first guanosine as the last base of the methionine initiation codon, differs in eight residues (Fig. 2 ) from clone HL-14 giving a 97% identity at the amino acid level. Seven ofthe eight amino acid changes occur within the first 30 residues at the amino terminus, and four of the substitutions are between residues 24 and 30. Two of these changes are nonconservative (asparagine for serine) and occur at positions 24 and 26. At residue 108 there is a proline to arginine substitution. The remainder of the amino acid sequences are identical. Fig. 3 shows the RNA gel blot analysis for expression of HL-1 and HL-14 in various human cell lines. HL-1 and HL-14 hybridized to mRNAs of =2.2 and -2.0 kb, respectively. Using randomly primed cDNA probes having an average length of 80-100 bases and stringent conditions for hybridization [50% (wt/vol) formamide, 5 x SSC, 5 x Denhardt's solution, 0.5% NaDodSO4, and 10% (wt/vol) dextran sulfate] prevented cross-hybridization with the probes in RNA gel blots. It is clear that both phosphatase RNAs are expressed at significant levels in the various clonal cell lines. This finding indicates that the two closely related phosphatase gene products are not simply related to tissue-specific expression. Southern blot analysis with high-stringency conditions indicated that HL-1 and HL-14 were also products of distinct genes (data not shown). Expression of both mRNAs in a single cell type thus suggests specific regulatory or substrate selectivity for the two phosphatase enzymes.
DISCUSSION
Two cDNAs coding for phosphatase 2A isotypes have been isolated from a human liver Agtll library. Fig. 4 compares the predicted amino acid sequences of the two human phosphatase 2A isotypes with the rabbit (8) and bovine (7) enzymes as well as the sequence for rabbit type 1 phosphatase (9). The HL-14 human, rabbit, and bovine phosphatase 2A sequences are identical except for Cys-55 in the human and rabbit clone that is an arginine in the bovine sequence. This striking conservation of amino acid sequence between species indicates that there has been extreme selective pressure during evolution to maintain the structure of this protein, suggesting (o) were also used as primers for 1.5
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